
. 

8 
I U C C E S S I O N  NUMBER) 

0 

(CODE) 

MONTHLY 
PROGRESX 
REPORT 

- - - - - - - - - - - - - -. - - - - - - - - - - - - 
AEROSPACE GROUP , 

SPACE SYSTEMS D I V I S I O N  : 
H U G H E S  AIRCRAFT COMPANY UG E I 

CULVER CITY.  CALIFORNIA L ____-_-_.... ..______________ d 



HUGHES AIRCRAFT COMPANY 
A E R O S P A C E  G R O U P  

SPACE SYSTEMS DIVISION 

CULVER CITY, CALIFORNIA 

15 March 1963 

SUBJECT: Advanced Syncom Monthly P r o g r e s s  
Report  for  Februa ry  1963 

TO: M r ,  Alton E, Jones  
P r o g r a m  Manager,  Syncom 
Goddard Space Flight Center 
Code 621 
C r e e  nbe I t ,  Maryland 

Attached a re  copies of the Advanced Syncom Monthly P r o g r e s s  Report 
fo r  F e b r u a r y  1963. 

Prepara t ions  for the pre l iminary  engineering acceptance demonst ra -  
t ions w e r e  completed during the r epor t  period, The phased array antenna,  
and  i t s  assoc ia ted  control  c i rcu i t ry ,  the frequency t ranslat ion t ransponder ,  
and multiple a c c e s s  t ransponder ,  a traveling-wave tube final power ampl i f ie r ,  
and  a col l inear  a r r a y  receiving antenna were  integrated into the engineering 
model s t ruc tu re .  
conduct of dynamic spinning t e s t s  of the spacecraf t  systems. 

The s t ruc tu re  was mounted on a spin fixture which p e r m i t s  

In 'addition to  the engineering equipment incorporated into the s t ruc tu re ,  
Syncom I te lemet ry  and command equipment were  adapted to  the requi rements  
of the Syncom 11 equipment to pe rmi t  command control and  s ta tus  a s s e s s m e n t  
of the spinning spacecraf t  through R F  command and  t e l eme t ry  links. 

Demonstrat ions of the engineering per formance  were  conducted on 
2 March  and  15 March  1963 to representat ives  of NASA and the Department  
of Defense 

Hf lHES AIRCRAFT COMPANY 

P r o g r a m  Manager 
P r o j e c t  Syncom 

cc: H. E. Tet i r ick  
Goddard Space Fl ight  Center  
Code 241.4 
G r e  enbe It,  Ma ryland 



Advanced SYNCOM 

February 1963 

MONTHLY 
PROGREM 
REPORT 
e 

X A  SA Contract 5-2 79 7 I SSD3119R 

r---'-'--.-..---------------- 
AEROSPACE GROUP , 

H U G H E S  AIRCRAFT COMPANY I HUGHES SPACE SYSTEMS D I V I S I O N  

CULVER CITY.  CALIFORNIA i. __--___.__-____.____________ 1 



1. INTRODUCTION 

2. SYSTEM DESIGN STUDY 

Communication Sub sys t em 
Sys tem Reliabil i ty Studies 
Components and Mater ia l s  

CONTENTS 

Page  

3, ADVANCED TECHNOLOGICAL DEVELOPMENT 

Dual-Mode Transponder  
Transponder  T e s t  and Demonstration Panel  
Travel ing Wave Tube 
P h a s e d  A r r a y  Transmi t t ing  Antenna 
Col l inear  A r r a y  Receiving Antennas 
S t ruc tu re  
Handling and Weight and Balanc e Equipment 
Hot Gas  Reaction Jet  Control  Subsystem 
Apogee Engine Liaison 

4. NEW TECHNOLOGY 

5. PROJECT REFERENCE REPORT 

6. ATTACHMENTS 

Attachment 1. 
Vibrat ion T e s t  P l a n  
Attachment 2. 
T ol e ranc e s 

Syncom I1 Engineering Model 

Syncom I1 Apogee Motor 

1-1 

2 - 1  

2 - 1  
2 - 4  
2 - 6  

3-  1 

3-  1 
3 - 4  
3 - 4  
3-5 

3 -14  
3-23 
3-27 
3-27 
3 -31  

4- 1 

5 - 1  

6- 1 

6- 1 

6-7 



1. INTRODUCTION 

I Under NASA Goddard Space Flight Center  Contract NAS-5-2797, 
Hughes Ai rc ra f t  Company is conducting feasibil i ty studies and advanced 
technological development fo r  an  advanced, s ta t ionary,  active r epea te r ,  
communication satell i te.  

An Init ial  P ro jec t  Development Plan,  submitted to Goddard on 15 
August 1962, repor ted  the init ial  system feasibil i ty studies and delineated 
technical approaches,  adminis t ra t ive plan, manpower requi rements ,  
schedule, and funding considerations appropriate  f o r  accomplishing the 
NASA cont rac t  objectives. 

These monthly technical le t te r  repor t s  present  the technical p r o g r e s s  
made  during the reporting period, c r i t i ca l  problems o r  delays encountered, 
and plans f o r  the forthcoming reporting period. 
schedule s ta tus  a r e  provided through biweekly P E R T  repor t s .  
Financial  Management r epor t s  provide the funding status.  

Separate  r epor t s  of 
Monthly 

I 
I I 
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2. SYSTEM DESIGN STUDY 

I 

I COMMUNICATION SUBSYSTEM 

Doppler Shift Expression f rom Orbi ta l  P a r a m e t e r s  

An approximate expression has  been der ived fo r  the  Doppler f r e -  
quency shift fd of a signal emitted from an  ear th  station at a frequency f o  
to a nea r  s ta t ionary satel l i te  in t e r m s  of the  Keplerian orb i ta l  e lements  of 
the  spacecraf t  and the  relat ive geographic location of the  ea r th  station. 
Resul ts  show that  the instantaneous relative motion along the line of sight 
f r o m  ear th  station t o  satel l i te  induces a frequency shift 

fd - f o  v c  

r 
Re 

- 2 - COS ( A x )  COS 

( l + e  cos e) cos ( w  t e )  cos (Ah) sin LE 

( 1 - e )  
2 1 / 2  

I where  

V, = c i r cu la r  orbi t  synchronous velocity 

= 10, 087. 5 fps  

[ r p s ]  1 3 - 1  \ 
1- A I  

r /Re = ra t io  of synchronous to earth equator ia l  radius  

= 6. 6 
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A 1  = longitude difference between ear th  station and subsatell i te 
point, posit ive for  stations west of subsatell i te point 

6 c = f o  lf = velocity of light 984. 3 X 10 fps; X f  = wave- 
length, feet 

LE latitude of t ransmit t ing station, positive north 

i 1 inclination of orbi ta l  plane to equator ia l  plane,  radians,  
5 5 degrees  (0.0873 rad ian)  

e = orbi ta l  eccentricity,  5 0. 0873 

8 = t r u e  anomaly, measu red  f rom perigee,  0 5 8 < 2rr 

o = argument  of per igee,  measu red  f rom ascending node to  per igee  
point, 0 5 o < 2 ~ r  

F o r  example, i f  the  radian m e a s u r e  of t he  inclination i z 0. 1 deg ree  
is se t  equal to  the eccentr ic i ty  e = 0. 00175, and a s ta t ion at New York City 
( L E  = 41" N, X E  z 74' W )  t r a n s m i t s  to a satel l i te  statior;led over  the Atlan- 
t i c  Ocean (longitude = 25OW), then the maximum motion Rmax along the  line 
of sight occurs  when 8 = 2/5 IT and w = TT, i. e . ,  

Rmax zz 17. 6 fps 

Ifo = 6 kmc 

However, most of this motion is along the geocentr ic  rad ius  to  the space-  
craf t  in the fo rm of ver t ica l  velocity, the maximum ra t e  difference along the 
l ines of sight as  seen  b y  two ear th  stations t o  the satel l i te  ( located at oppo- 
s i te  ends of the continuous visibil i ty cone fo rmed  by the  spacecraf t  and the  
locus of minimum station elevation lines to the sa te l l i t e )  will be l e s s  than 
17. 6 fps  indicated above. The corresponding Doppler shift difference will 
a l so  be less  than 107. 5 cps  of the above example.  

An est imate  of the maximum Doppler difference m a y  be  obtained by 
expressing Equation 2-1 in t e r m s  of the half-apex angle 9, c>f the visibil i ty 
cone, and the azimuth angle + between the mer id i an  plane containing the 
spacecraf t  and the plane formed by the line of sight f rom the ear th  station to 
the spacecraft  and the geocentr ic  radius  to  the spacecraf t  (F igu re  2-11.  
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Specifically, 

f, vC [ i  ( 1  t e C O S  e )  C O S  (W t e )  sin + C O S  LJ 

i 

e s in  e cos + 1 + e C O S  8 s in  Q s i n  + - 
2 1/2 ) ( 1 - e  2 \  I 1/2 1 ( 2 - 4 )  l t e c o s e  (1  -e ) 

Now, b y  forming the difference 

2 +( 

( 2 - 5 )  - bfd  - fd2 - f d l  

using Equation 2-4 and neglecting t e r m s  of o r d e r  e2 o r  higher,  the fact that  

O I + < 8-65"  = +max ( 2 - 6 )  

is used to  es t imate  (note: e i , w  = T) 

cos e s in  +rn ax (cos  $2 - cos $1 t s i n  $2 - s in  $1 ) ( 2 -7 ) foVce =-  
C 

F r o m  Equation 2-7 it is es t imated (at 8 = 0 )  

f o  - (10 ,087 .  5 )  ( 1 )  (0. 1503) ( N 2 )  drn ax C 
- - 

f o e  e 3 
4.30 X l o 3  = - 4.30 X 10 - -  - 

C X f  

where  X f  is the t ransmi t ted  wavelength in feet. 
Xf  = 0. 1637 foot, e = i = 0. 00175 ( 0 .  1 degree)  

Thus for  f o  = 6 kmc,  

.- - ( 4 * 3 0 )  = 46 cps 
Afdmax  0. 1637 

( 2 - 9 )  

F r o m  the brief discussion above it is seen  that the voice quality and 
c ross t a lk ,  assoc ia ted  with a doppler-shifted single-sideband voice channel ,  
c a n  be re la ted  with the cyclical  station-keeping to le rances  identified by the 
srbita! p a r a m e t e r s  i, e, and 6. 

2-3 



/ 

EARTH STATION 

GREENWICH 
MERIDIAN 

SPACECRAFT 

Figure 2- 1. Spacecraf t -Earth Station Geometry 

SYSTEM RELIABILITY STUDIES 

De sign Analyses 

The te lemet ry  and command subsystem rel iabi l i ty  models  presented  
in the Initial P ro jec t  Development P l a n  
been examined to determine the amount of degradat ion in t e l eme t ry  miss ion  
success  when a nonredundant configuration is employed in  each spacecraf t  
quad rant. 

( 1 5  August 1962 - Figure  6 -69) ,  have 

The resu l t s  a r e  shown in F igure  2-2. Curves  a,  b, and c show the 
predicted probabili t ies of t e l eme t ry  miss ion  s u c c e s s  a s  a function of t ime  f o r  
configurations a,  b,  and c respectively.  
quadrant redundancy is  adequate and that the r emova l  of one t e l eme t ry  t r a n s -  
mi t t e r  and encoder and one command rece ive r  and decoder  in  each quadrant 
will not substantially degrade the  t e l eme t ry  mis s ion  rel iabi l i ty  during the 
3 -  to 5-year  spacecraf t  miss ion  t ime. 

These  predict ions indicate that i n t e r -  

Since the command subsystem is a l s o  requi red  fo r  the multiple a c c e s s  
and frequency t ranslat ion communication modes  of operation, the effect  of the 
nonredundant quadrant command configuration upon communications mis s ion  
success  has  been evaluated. An analyt ical  compar i son  of the communication 
reliabil i ty exhibited with the simplified configuration yields no significant 
var ia t ion i n  the cu rves  presented  in the September  Monthly P r o g r e s s  Report ,  
F igu res  2 - 3  and 2-4. 
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T E L E M E T R Y  R E L I A B I L I T Y  DIAGRAMS * ----- ----- 
COMMAND -5 N T E N  G L O W E R  Sup P G l  
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AND COMMAND SUBSYSTEMS I S  SHOWN 

Figure  2 - 2 .  Probabili ty of Telemetry Miss ion  Success  

2-  5 



Therefore ,  the nonredundant configuration represented  by Figure  2-2 ,  
d iagram c ,  has  been recommended to be  incorporated as the Syncom 11 space-  
craf t  design. This configuration will yield a high probabili ty of obtaining 
t e l eme t ry  data during the l ifetime of the spacecraf t ;  it will not resu l t  in  a 
degradation in the communications mission;  it will simplify interconnections 
and switching, enhancing reliability; and it w i l l  resu l t  in a n  overal l  reduction 
in weight of the spacecraft .  

The curves presented in  F igure  2 - 2  include the effect of the t e l eme t ry  
subsystem, command subsystem, power supply subsystem, and antenna 
which a r e  each requi red  for  successful  completion of the te lemet ry  mission.  
The analyses  and recommendations presented a s s u m e  that any quadrant of the 
te lemet ry  subsystem will  sample and t r ansmi t  the requi red  spacecraf t  data.  
Thus,  the quadrants a r e  a s sumed  to  opera te  sequentially with one requi red  
to survive for miss ion  success .  
sys t em have been based upon a binomial operation. ) 

(Previous  ana lyses  of the te lemet ry  sub-  

As  before, it is  a s sumed  that all command rece ive r s  must  be e n e r -  
gized, but that the decoders  have a low duty cycle  and that one quadrant of the 
command subsystem will provide the n e c e s s a r y  spacecraf t  commands. 

The analyses  and recommendations presented  a r e  fur ther  based  upon 
a minimum number  of encoder and decoder  channels,  64  and 55, respec t ive ly  
Although the spacecraf t  may  requi re  m o r e  channels result ing in a degradat ion 
of the est imates  discussed,  the percent  re la t ive deviation among the cu rves  
representing each  configuration should not change. 
redundancy, reliabil i ty,  cost ,  and weight will be fu r the r  examined if a sub- 
stantial  increase  in the encoder and decoder  complexities r e su l t s  upon 
definition of the spacecraf t  design. 

The t radeoffs  among 

COMPONENTS AND MATERIALS 

During the repor t  per iod applicable Syncom I drawings and a p re l im-  
inary  bill of materials were  reviewed f o r  planned Syncom I1 use .  
will require  new specifications.  
being recommended to the c i rcu i t  engineers  f o r  incorporat ion i n  the i r  designs.  

specifications fo r  t r ans i s to r s ,  was p r e p a r e d  and is being rev ised  f o r  appli-  
cability to other  types of devices. 
to  aid in securing p a r t s  of high reliability. 

Some p a r t s  
F o r  o the r s ,  p r e f e r r e d  a l te rna t ives  a re  

A basic addendum document,  modifying the existing procurement  

This addendum adds  requi rements  expected 

Some of the frequency-control c r y s t a l s  used  in the engineering model  
e lectronics  were  reForted by the manufac tu re r  to have  a possible  spurious 
mode of operation, which, however,  is not cons idered  detr imental  f o r  t h e i r  
proposed use. Additional c rys t a l s  have been  secu red  f o r  confirmation t e s t -  
ing, which i s  now in process .  
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It had been considered tliat c e l t a i i i  tatitaluni capac i tors  used on 
Syncom I and contemplated f o r  Syncorii I1 might fail  a s  a r t ~ s u l t  of excessive 
charging cu r ren t  rates, but t e s t s  failed t o  confirm this.  
f rom t e s t s  employing the maximum feasible charging ra tes .  
of r eve r se -cu r ren t  s u r g e s  i s  now being investigated. 

N o  fa i lures  resu l ted  
The possibil i ty 

Tes t s  of ultraviolet  exposure of t h r e e  t h e r m a l  control  paints con-  
tinued during the period. One of the paints is a n  inorganic type, which may 
have g r e a t e r  stabil i ty than the  other  two. These  t e s t s  a r e  being made  as a 
first specific pa r t  of the study program to  extrapolate  sho r t - t e rm observa-  
t ions to  predict  the potential long-term life of a number  of ma te r i a l s  and 
par t s .  

A high- tempera ture  encapsulating compound fo r  the traveling-wave 
tube i s  being investigated in vacuum. 
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3. ADVANCED TECHNOLOGICAL DEVELOPMENT 

DUAL -MODE TRANSPONDER 

Labora tory  Integration of Transponders  

Both the frequency t ranslat ion and mult iple-access  t ransponders  
w e r e  installed in the spacecraf t  and operated sat isfactor i ly  during the  
predemonstrat ion checkout period. 
during the  integration. 

No major  problems w e r e  encountered 

Quantitative noise  power r a t io  and intermodulation dis tor t ion m e a s  - 
uremen t s  w e r e  not taken during the repor t  period due t o  existence of an 
undesirably high noise level  i n  the t e s t  t r ansmi t t e r  of the simulated ground 
station. 

Circui ts  Common to Frequency Translat ion and Multiple-Access 
TransDonders 

I Input - Mixers  (6 kmc) (F igure  3-1) 

Assembly and fabricat ion of the requi red  single mixe r s  is now 
complete.  
the T-junction and assoc ia ted  t ransmiss ion  l ine to  each mixer .  
the  improvement  of local  osci l la tor  isolation to the I F  t e rmina l  is a l so  being 
conducted. 

Effort  has  been initiated to improve the c r i t i ca l  adjustment of 
Design for 

Hybrid (4 kmc)  

The  units requi red  were  completed and p k c e d  in cperat ion in the 
demonst ra t ion  model. 

X32 Multiplier and Bias 

Completed units w e r e  employed in  t h e  spacecraft ~nc!  222 additior;~! 
unit  has  been integrated into the ground checkout equipment. 

A concerted e f for t  has  been initiated to improve the  stabil i ty of the 
This wi l l  include increasing the range of X32 frequency mult ipl ier  chain. 
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t empera ture ,  voltage, and load mismatch,  over which s table  operation can 
be achieved. 
m o r e  readily reproducible.  

These  improvements  should a l so  allow the mult ipl iers  t o  be 

X2 Multiplier (F igure  3 - 2 )  

The units requi red  for the spacecraf t  t ransponders  and ground equip- 
ment  a r e  now i n  serv ice .  
ciency pr ior  t o  finalizing production design. 

An effor t  has  been initiated to  improve the effi- 

Circui ts  for  FM Frequency Translat ion Transponder  
I 

25-mc Preampl i f ie r /25  -mc  I F  Amplifier 
I 

As  stated in  the l a s t  repor t ,  these  two units w e r e  combined. However, I 
fur ther  investigation showed that their  operation as sepa ra t e  units would 
provide an improved gain distribution and packaging design. 

I 

25 - m c  Limi te r  

The remaining unit i s  still undergoing final checkout. , 

High-Level and Beacon Mixers  

An ef for t  is being made to  reduce the R F  "leakage" f r o m  the I F  
terminals .  
equipment. 

Units a r e  now in se rv ice  in  the spacecraf t  and in the ground 

Hybrids for the high-level mixe r  w e r e  fabricated and placed in  se rv i ce  
~ 

for  the demonstration. 
combined high-level and beacon mixer  configurations. 

They were  integrated with the diodes to complete the I 

I 

I 
1 Master  Oscil lator (66 m c )  
I 

These units a r e  now in se rv ice  in  the spacecraf t  and ground equip- 
Additional units will  be used for  fur ther  testing. ment. I 

Circuits for  Multiple -Access  Transponder  I 

I F  Phase  Modulator 

Units have been modified, checked out, and now sa t i s fac tor i ly  mee t  
I 

I 

the design sensit ivity requi rements .  

5. 5 - m c  Bandwidth P r e a m p l i f i e r  

The remaining unit has  been modified to  m e e t  requi rements  and is 
now complete. , 
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F i g u r e  3-1 .  Comparison of Syncom I (left) and Syncom I1 ( r ight  
Input Mixers 

F i g u r e  3-2.  X2 Multiplier 
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Receiver  Master  Oscil lator (66. 223 m c )  

The remaining units were  checked out and m e t  a l l  design requi rements .  

T ransmi t t e r  Mas ter  Oscil lator (32. 5mc) 

Completion of these  units was accomplished during the r e p o r t  period. 

TRANSPONDER TEST AND DEMONSTRATION PANEL 

This equipment (F igure  3-3) was completed during the r e p o r t  period. 
It was used in the predemonstrat ion checkout of the engineering model  of 
Syncom I1 communications t ransponders .  

A traveling-wave tube amplif ier  was added to  the t r ansmi t t e r  unit to  
bring the output up to the 20-milliwatt level. 

The R-C fi l ter  in the AFC unit was  modified in o r d e r  to  achieve 
stable phase lock of the pilot signal. 

The equipment successfully demonst ra tes  the mul t ip le -access  t r a n s  - 
ponder by sending and receiving voice s ignals  in  the presence  of 55 other  
tes t  signals. Speech quality was good with low background noise.  

The frequency t ranslat ion t ransponder  was demonstrated by sending 
television pictures  through the satel l i te .  
picture was approximately identical  to the t ransmi t ted  picture .  

P i c tu re  quality of the relayed 

Quantative noise power r a t io  measu remen t s  of the Syncom I1 t r a n s -  
ponder were  not taken a t  this t ime. 
due to noise in the t e s t  t r ansmi t t e r  of the simulated ground station. 
a r e  being incorporated to reduce res idua l  noise in the t e s t  t r ansmi t t e r  to 
preclude masking noise in the t ransponder .  
evaluate both noise created by intermodulation dis tor t ion and r e s idua l  s y s t e m  
noise. 
made. 

Measurement  of noise was not possible 
Changes 

The noise power r a t io  t e s t s  will  

Also, d i r ec t  l inear i ty  measu remen t s  on the t e s t  t r ansmi t t e r  wil l  be 

TRAVELING-WAVE TUBE (Figure  3-4) 

The qualification model traveling-wave tube (384H-8) developed an  

This resu l ted  in  a slow leak 
a i r  leak in the vacuum s e a l  a f t e r  it was shipped and awaiting t e s t .  
faul t  was t r aced  to a faulty vacuum pinchoff.  
i n  the vacuum envelope. 

The 

In prepackaged testing, two tubes (384H-13 and 384H-17) m e t  the 
performance requi rements .  
these tubes a r e  identical  in construct ion to  No. 384H-8. 

Except for  a 10 percent  i nc rease  in helix pitch, 

Although the above design m e e t s  per formance  r equ i r emen t s ,  optimum 
operation is near  the low end of the specified frequency band. TO c o r r e c t  
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this condition, a tube having a 10 percent reduction in  helix d iameter  and a 
15 percent  dec rease  in  helix pitch is being constructed.  
tes ted during the next period. 

This tube wil l  be 

PHASED ARRAY TRANSMITTING ANTENNA 

The phased a r r a y  was coupled to the engineering model  control e lec-  
t ron ics  and, following minor  wiring modifications, operated sat isfactor i ly .  

I A r r a y  Development 

A new vers ion  of the ver t ical ly  polarized antenna was fabricated,  
using l a r g e r  d iameter  tubing and center conductor in  the coaxitube configu- 
ration. This e a s e s  the to le rances  and assembly  problems. The antenna 
consis ts  of four slot-fed half-wave dipoles mounted collinearly. The ini t ia l  
a t tempt  at matching the antenna resulted in a VSWR of l e s s  than 1 .5  over  a 
200-mc band centered a t  4100 mc.  However, the addition of the f iberglass  
s leeves  did change the r e su l t  slightly, indicating that  minor  changes have to  
be made in the matching sections.  

R F  Circu i t s  

The design of the al l -s t r ipl ine output coupler is near ing completion. 
This includes the ver t ica l  s t r ipl ine- to-s t r ipl ine transit ion,  the ver t ica l  
TM-to-st r ipl ine coupler,  and a new 90-degree squa re  hybrid, in  which the 
input and output arms a r e  connected at 45-degree angles to the squa re  
(F igu re  3-5). 
requi rements  of symmetry ,  isolation between adjacent s t r ip l ines ,  and equal 
phase lengths f r o m  input probes to  output TM connectors.  

The exact layout required a number of a t tempts  due t o  

I 

Control Elec t ronics  I 
~ 

I 
I Engineering Model Control Electronics  

The change descr ibed in  the Advanced Syncom January repor t ,  which 
eased the requi rements  of the 4 signal  frequency stabil i ty and simplified 
beam di rec t ion  correct ion,  was  completed during this  report ing period. 
The updated control e lectronics  were  then checked out. 
a r r a y  t ransmi t t ing  antenna was integrated and checked out, using a 
s imulated t r a n s  pnndcr . 

The en t i re  phased 

The  control e lectronics  were  then integrated and checked out in  the 
spacecraf t .  
spacecraf t  Spinning. 
gra ted  into t h e  spscecraf t  and the s u b s y s t e E  was checked out with the space -  
c r a f t  spinning. 

All fea tures  of the control  e lectronics  w e r e  tes ted with the 
The en t i re  communication subsys tem was then inte- 

Spacecraf t  Electronics  - J e t  Control Elec t ronics  

F igu re  3-6 is a block d iagram of the phased a r r a y  and pulse je t  
cont ro l  e lectronics .  
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F i g u r e  3-3. Transponder  T e s t  and 
Demonstrat ion P a n e l  

F igure  3-4. 4-Watt (384-H) 
Traveling-Wave Tube 
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Figure  3-5.  4-kmc, 3-db 
Hybrid Coupler 
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The f i re  angle generator  has  been simplified. It now has  74 percent  
o r  229 fewer components i n  the solenoid d r ive r  control e lectronics .  When 
the antenna beam is directed at the ear th ,  the output counter has  a count of 
z e r o  when the z e r o  antenna element is on the spacecraf t -ear th  line. If the 
relat ive position of the z e r o  antenna element  t o  the four je t s  is known (it 
mus t  be some  multiple of 22.5 deg rees ) ,  then the gating t o  F F 1  and FFZ 
(Figure  3-6) can  be ea r th  referenced.  
F F 2  will be used. F F 1  is s e t  when J1 reaches  67.5 degrees .  

F igure  3-7 shows how F F 1  and 

The outputs of the two flip-flops a r e  then gated with the command 
decoder r eg i s t e r  s o  that J 1  and 52 can both be f i red  in  the 90-degree sec to r  
in the same  cycle. 
-90 degrees .  
r e spec t  to the two r ad ia l  j e t s  (J1 and J 2 ) .  
90 degrees  away f r o m  the spacecraf t -ear th  line, F F 1  and F F 2  a re  now a 
c o r r e c t  timing r e fe rence  for  ro l l  cor rec t ion  by the two axial  je ts .  

To c o r r e c t  ro l l  the axial j e t s  should be f i r ed  at S90 o r  
However, the two axial je t s  (53  and J4) a r e  *90  degrees  with 

By commanding the antenna beam 

The gates (which control  the solenoid d r i v e r s )  se lec t  through the  
command reg i s t e r  those je t s  that  a r e  t o  be  f i red  in  which sec to r s .  

Waveform Genera tors  and Amplif iers  

The waveform genera tors  and ampl i f ie rs  have been modified to  
achieve simplicity of design,reduction of pa r t  count, and reduction of power 
dissipation. The new circui t  configurations a r e  shown in F igu res  3-8, 3-9, 
and 3-10. 
mately 34 percent  and reduce  power diss ipat ion by 50 percent.  

These  configurations r e su l t  in  a pa r t s  count savings of approxi-  

The adding network, F igure  3-8, is identical  to  the previous adder  
with the exception that eight m o r e  c i rcu i t s  a r e  added. 
necessary  t o  obtain the complements of the  waveforms obtained by the 
previous eight waveform adders .  

These  additions a r e  

The inputs to the adder  network are:  

e a  = A s i n  2 IT f t  

eb  = A cos 2 IT f t  

ec  =-A s in  2 IT f t  

ed =-A COS 2 i~ ft  

The 16 outputs a r e  of the fo rm 

A - s in  ( 2  r f t  t E) ean 1 n = 0, 1, 2 , .  . ... ... 15 
d2 8 
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Figure  3-7 .  Syncom I1 Jet Control 
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V - 

INPUT N0. I  * 

/ 
INPUT NO. 2 yn 

* eAn 

- - 
-V 

TYPICAL ADDER CIRCUIT (16 REQUIRED) 

OUTPUTS INPUT N 0 . I  INPUT N 0 . 2  

A sin 2 7  f t  A cos 2 ~ f t  eAn =$ sin ( 2 7 f t  +- v) n: 0 , 1 , 2 , 3  

enn =k sin (27rft  + y )  n =  4,5,6,7 A cos 27r f t  - A  sin 27rft  

eAn =& sin ( 2 r f t  + v) n= 8,9,10,11 I - A  COS 2 T f t  I -A sin 2 T f t  

-A COS 2 T f t  A sin 2 ~ f t  en,, =$ sin (27rft + v) n: 1 2 , 1 3 , 1 4 , 1 5  

F i g u r e  3 - 8 .  Adder Network  
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b )  No. 2 -V  

Figure  3 - 9 .  Waveform Generators  No.  1 and  2 
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R ,  b) Output P o w e r  Amplifier 

Fig1 r e  3-10. Wa reform Shaper  Amplif ier  
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The f e r r i t e  phase sh i f te rs  require 16 s ignals  of the form: 

where the  zero-to-peak magnitude, B, is 20 volts. 

To obtain the  des i r ed  f e r r i t e  phase shif ter  signals,  t h ree  operat ions 
a r e  per formed on the adde r  network output signals. 
shown schematical ly  in Figure 3 -1 1. 

These operations a r e  

Waveform genera tor  1, Figure 3-9a, produces a c lose approximation 
to  the eCm signals,  and waveform generator  2, Figure 3-9b, produces a 
c lose  approximation to the esm signals. 

Both waveform genera tors  a r e  implemented with the use of a combi- 
nation of I 'greater" and " lesser"  gates. 
shift the s ignal ' s  dc b ias  where necessary  as the s ignal  pas ses  through the 
circuit. 

Also, zener  diodes a r e  used to  

The inputs to  waveform enera tor  1 a r e  and ea (n  + 8), where 
ean is a s ignal  phase shifted nTf8 radians f rom the re ference  and ea(n  + 8) 
is the complement of can. 
Thus, t he  s ignal  at point C wi l l  be a positive full-wave rectified sinusoid, 
s ince the gate p a s s e s  the positive half cycle of 
cycle  of ea (n  f 8). 
at nodes noted by a capital  le t ter  a r e  also shown in Figure 3-12. 
CR3 and CR4 fo rm a f t l e s s e r ' t  gate, thus producing a t  i ts  output, point D, a 
negative full-wave rectified signal. 

Diodes CR1 and CR2 form a "greater"  gate. 

and then the positive half 
The gate output is shown in F igure  3 - 1  2. The waveforms 

Diodes 

The zener  diode CR5 shifts the b ias  of signal D positively A/2 volts.  
The r e su l t  is s ignal  E. 

Diodes CR6 and CR7 form another "grea te r"  gate whose output is 
s ignal  F. 
which is symmet r i ca l  about ground. 

Signal F is then b ias  shifted negatively to  produce a n  output signal 

The output of waveform generator  1 i s ,  to a rough approximation, the  
cosine of the  input sig1.A or:  

m r  

8 
WsVeforiii genera tor  i output R cos 2n [K s in  iwt + -11- 

To b e t t e r  approximate the des i r ed  signal, the  waveform genera tor  output is 
passed  through a diode waveform shaper,  F igure  3-13a, which smoothes the 
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positive and negative peaks such that the input to  the  power amplif ier  is as 
shown in the figure.  

To obtain the e s m  signal which is in phase with the s ignal  just  
described, the same  inputs are  applied t o  waveform genera tor  2, as shown 
in Figure 3-9b. 

Zener  diode CR9 shifts the b ias  of ea(n  t 8 )  negatively, as shown by  
J, in o r d e r  to obtain a rectified waveform with unequal conduction. 
positive rectified waveform is K and is produced by  the  Ilgreater" gate  
composed of diodes CRlO and CR11. 
the " lesser"  gate, composed of CR12 and CR13, and then shifting the bias 
yields the waveform M. By shifting the bias of 
N, along with M into a "grea te r"  gate, CR16 and CR17, the waveform 0 is 
produced. 
J to  the " lesser"  gate, formed by CR18 and CR19, to  obtain the  waveform P, 
which is  a n  approximation to  the sine of the  input o r  

The 

Applying the waveforms of A and J to 

and applying the  resul t ,  

The remaining operation necess i ta tes  applying waveforms 0 and 

m.rr 
8 I 

Waveform genera tor  2 output s s in  2.rr [ s in  ( 2 7 ~  ft i- -11. 

A s  with the  previous waveform, i t  r ema ins  to  smooth the  posit ive and 1 
negative peaks t o  obtain a be t te r  approximation. 
identical to  the previous one, accompl ishes  th i s  operat ion with the r e su l t  
that  the power ampl i f ie r  input will be as shown in F igure  3-13b. 

A diode waveform shaper ,  

Output P o w e r  Amplifier.  This ampl i f ie r  is a high-gain d c  ampl i f ie r  
employing res i s t ive  feedback f o r  s tabi le  operat ion and complementary  e m i t t e r  
followers in the output s tages  f o r  low output impedance. 
a closely matched pa i r ,  packaged in  one s tandard  TO-5 t r a n s i s t o r  case ,  
operating a s  a differential  amplifier.  

(R1 f R2)/R1 with no phase reversa l .  
the  power dissipation of t he  circuit .  

1 
1 
I 

I 

T r a n s i s t o r s  Q1 a re  

Since the  c i rcu i t  open-loop gain is 
much l a rge r  than unity, the  closed-loop voltage gain is v e r y  nea r ly  I 

Trans i s to r  Q4 is incorporated to  reduce  , 

COLLINEAR ARRAY RECEIVING ANTENNAS 

Vert ical  Polar iza t ion  
I 

I 

During this  repor t  per iod  optimization of the f l a r ed  length of the 
dipole w a s  investigated. 
taken, yielding the data  in  Table 3-1. 

I 

A s e r i e s  of radiat ion pa t t e rn  cha rac t e r i s t i c s  w e r e  

F igure  3- 14 shows the antenna a s s e m b l e d  and  "exploded. I '  Since 
using a uniform distribution (with fou r  e l e m e n t s )  which produces a beam 
that is too narrow,  a t ape red  dis t r ibut ion will  be used.  
of the elements will be adjusted by varying the thickness  of the d ie lec t r ic  
space r s .  

Coupling coefficient 
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I 

Figure  3-11.  Operations on Day Shifter 
Excitation Signals 

i 

G 
V 

A ~ I  v v  V 

p 7 4 A A & + +  

a)  cos 2rr CB sin (2rrft. + I 8 

F i g u r e  3-1  2. Waveforms of Generator  Figure 3- 13. Waveforrr- Gene rator 
outputs 

Nos. 1 and 2 
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a )  Assembled  Prototype 

b )  Exploded Pro to type  

F igu re  3-14. Syncom I1 F l a r e d  Dipole Antenna 
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TABLE 3-1. RADLATION PATTERN CHARACTERISTICS 

6500 

12. 50 

-11.00 

- 
12.00 

-4.00 

12.00 

-11. 50 

._I 

P a r a m e t e r  

Design frequency: 6300 mc 
Des i r ed  bandwidth: 200 mc  

E-plane radiation pat tern - Vert ica l  polar izat ion 
Diameter:  0. 500 lo 

High-power 
bandwidth, 
deg rees  

First 
s idelobe 
level, 
decibels  

17. 50 

-1 1.75 

5900 

16.50 

-9. 25 

Flare Length: 0. 500 ho 

d e g r e e s  

First 
s ide lobe 
level, 
decibels  

Flare Length: 0.400 ho 

d e g r e e s  

First 
side lobe 
level, 
dec ibe ls  

Flare Length: 0. 300 ho 

6000 

14. 50 

9. 75 

14.00 

11.00 

14.00 

11.75 

Frequency,  m c  

6100 
-~ 

13. 50 

9. 25 

13. 00 

-10.75 

12. 50 

-12.00 

6200 
~ 

13. 00 

-10. 25 

13. 50 

-10.00 

12. 50 

-11. 50 

63 00 

12. 50 

-10.00 

13. 50 

-10.00 

12. 50 

-11. 50 

6400 

13. 00 

-11. 50 

13. 00 

-7. 50 

12. 50 

-12.00 

Analyzing the data ,  it is seen  that no appreciable change is noticeable 
in  the ove ra l l  radiation pattern characteristics. 
width of the antenna is near ly  constant  within *0.25 degree  over a frequency 
range  of 400 mc centered  at 6300 mc. 

The data  show that the beam- 
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No at tempt  has  been made  to  optimize the input matching cha rac t e r -  
is t ics .  
antenna is expected t o  expedite this  effort. 

The knowledge acquired on the scaled-up vers ion  of the M a r k  I 

During this  repor t  period, the inter im receiving antenna, which con- 
s i s t s  cf a scaled-up vers ion  of the Mark  I receiving sys tem,  was completed. 

Horizontal Polar izat ion 

Cloverleaf A r r a y s  

A second six-element cloverleaf a r r a y  h a s  been fabricated fo r  operation at 
3830 m c  (F igu re  3-15). The impedance of this  a r r a y  is a lmos t  identical  to 
the f i r s t  a r r a y  fabricated.  The two 3830-mc cloverleaf a r r a y s  were  used in 
a mutual coupling measurement .  
conditions: 1 )  with the cloverleaf sect ions adjacent,  and 2) with the c lover -  
leaf sections staggered. The r e su l t s  of the mutual  
impedance measu remen t s  a r e  shown in F igu res  3-17 and 3-18. 
ac te r i s t ic  impedance of the coaxial  line of the a r r a y  is 50 ohms. 

This measurement  was made  under two 

(See Figure 3-16. ) 
The c h a r -  

A scaled model of the 3830-mc six-element cloverleaf a r r a y  has  
been fabricated (F igu re  3-15). This sca led  model  was designed t o  opera te  
at 6300 mc.  Impedance measu remen t s  indicate that this  a r r a y  is resonant 
at approximately 6320 mc. The VSWR of the a r r a y  as a function of f requency 
fo r  the ZOO-mc bandwidth is shown in F igure  3-19. The VSWR at 6300 m c  is 
1. 23:1, which is suitable fo r  sys tem tests;  therefore ,  this  a r r a y  will be used 
f o r  system t e s t s  without any additional impedance matching. 
H-plane antenna pat terns  have been made  a c r o s s  the 200-mc frequency band. 

E-plane and 

The typical pat terns  a r e  shown i n  
i s t ics  of this a r r a y  a re  tabulated below: 

. .  Figure 3-20. The ma jo r  cha rac t e r -  

Frequency, Omnidirectionali t  y, 
mc db 

6200 
6225 
6250 
6275 
6300 
63 25 
6350 
6375 
6400 

0. 75 
0. 65 
0. 75 
0. 75 
0. 70 
0. 65 
0. 70 
0. 65 
0. 50 

Beam width, 
deg rees  

19. 1 
19. 2 
19. 3 
18. 9 
18. 4 
18. 4 
18. 1 
18. 9 
19. 0 

Sidelobe Level, 
db 

11. 2 
12. 3 
12. 1 
12. 0 
11 .7  
11 .5  
11 .4  
11 .7  
11. 8 

The antenna gain measu remen t  will be accomplished during the next 
repor t  period. 
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F i g u r e  3-15. Syncom I1 Cloverleaf Arrays  F igu re  3 - 16. Mutual Coupling 
f o r  4 kmc Band ( lef t )  and 6 k m c  
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3-19  



8 

z 
B 
g 12 
v) 
1 
W 

u 
W 

m 
n 

g 16 
CI 

1 
a 
3 
0 
0 

_I 

a 3 
+ 
3 20 z 

74 

C L O V E R L E A F ,  A R  - ADJACENT ---- S T A G G E R E D  

1 
L- 

0 2 4 6 8 

SPACING D I A M E T E R ,  INCHES 

Figure  3-17. Mutual Impedance 
Measurements  

> 

6 200 6250 6300 6350 6400 

FREQUENCY, MEGACYCLES PER SECOND 

Figure  3 - 1 9 .  VSWR, 6300 mc 
Cloverleaf A r r a y  

5 

0 

-5 

cn 
I 
I 
0 -10 
w” 

2 
0 z 

Y 
cn 
w 
P 
J -15 
P 

0 2 4 6 

S P A C I N G  D I A M E T E R ,  I N C H E S  

Figure  3 - 18. Mutual Impedance 
Me as ur  ement s 

3 -20 



Broad side - Fir  ine Helix 

A broadside-firing hel ix  antenna (F igure  3-21)  consisting of two 
equal, oppositely wound, coll inear wire he l ices  supported on a coaxial  m e t a l  
m a s t  was designed and fabricated.  
a plane perpendicular to the ax is ;  the sma l l  c ross -polar ized  component i s  
made to cancel  by winding the hel ices  in opposite senses .  If the pitch and 
diameter  a r e  adjusted so  that the length of a hel ical  tu rn  is a n  in tegra l  num- 
b e r  of wavelengths, and each turn is separated by a half-wavelength (p),  the 
radiation pa t te rn  i n  the plane perpendicular to the axis (azimuth) is independ- 
ent of azimuth angle and the pa t te rn  i n  the elevation plane has the direct ivi ty  
normally associated with a l inear  a r r a y  of cophased sources .  A theore t ica l  
analysis  revea ls  that c a r e  mus t  be taken to get  a traveling wave of c u r r e n t  
on the helix to obtain a n  omnidirectional azimuth pat tern.  This la t ter  condi- 
tion may be effected by adjusting helix-to-mast spacing which has the effect  
of varying the radiation p e r  turn. 
cha rac t e r i s t i c s ,  such a s  those expected f r o m  hel ical  antennas i n  general .  
The l inear  dimensions a r e  proportional to wavelength, so that the antenna i s  
ea s i ly  scaled with frequency. 

The radiat ion is polar ized principally i n  

This configuration has  good broad-band 

An ini t ia l  model  of such an  antenna for  operation at 4 kmc has  been 
The azimuthal  pa t te rn  i s  shown 

Because of standing waves of c u r r e n t  

constructed and pre l iminary  data obtained. 
i n  F igure  3-22 .  
beamwidth i n  elevation i s  8 degrees .  
on the he l ices ,  i t  was necessa ry  to terminate them with r e s i s t o r s  to achieve 
the pa t te rn  shown in  Figure 3-22.  The antenna i s  now being modified so  that 
the hel ix- to-mast  spacing will be increased.  This will i nc rease  the rad ia-  
tion p e r  tu rn  and thereby reduce the reflected wave. This will a l so  reduce 
the effective length of the antenna, result ing in  increased  beamwidth i n  the 
elevation plane. 

The omnidirectionality i s  f 1.75 db, and the half-power 

i 

Coaxial Slot A r r a y  

This design effor t  has  been conducted a s  a backup effor t  for  the 
element  a r r a y s  of the phased a r r a y .  
coaxial  antenna element  with an a r r a y  of slots which will  mee t  the following 
requirements:  

The objective has  been to develop a 

The E-plane pa t te rn  is to be perpendicular to the element  
a d s  and be omnidirectional within *l db, 

The H-plane pa t te rn  is to contain the element  ax is  and 
have a mainlobe beamwidth of 17.3 deg rees  minimum. 

The e lement  gain is to be at l ea s t  7 db above isotropic ,  

The sidelobes shall be nominally 13 db below the main  beam. 

The impedance match of the element  i s  to be such that the 
maximum VSWR will not exceed 1.5: 1 over the 200-mc 
bandwidth of the phased a r r ay .  
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F igu re  3-20. Cloverleaf A r r a y  
Antenna P a t t e r n  
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0" 
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Figure  3-21, Broadside F i r ing  Helix F i g u r e  3-22. Azimuth Pa t t e rn ,  4 kmc  
Broadside F i r ing  Hel ical  Antenna 
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In genera l ,  the approach under development i s  to use  s lots  para l le l  
These s lots  in the outer conductor a r e  excited by a to the element  axis. 

unique design of a hel ical  r idged center conductor. 

A number of configurations have been constructed and tes ted.  The 

This slight angle i s  used to i n c r e a s e  the s lot  
I m o s t  promising model  to date is  one with the s lots  slightly angled with 

r e spec t  to the element  axis .  
coupling coefficients. 
s lots .  
around the c i rcumference  of the outer conductor. 

Alternate  groups a r e  angled al ternately with respec t  to the element  axis .  
This is necessa ry  because the r idges  on the center  conductor r e v e r s e  pitch 
eve ry  half-wavelength. The r eason  for the pitch r e v e r s a l  is to excite each 
group of s lots  i n  the proper  phase with r e spec t  to the adjacent  group to 
r e s u l t  i n  a broadside a r r ay .  
impedance of the ridged section of the element is approximate 13 ohms.  

The element  consists of a n  a r r a y  of s i x  groups of 
E a c h  group of slots consis ts  of th ree  s lots  spaced 120 degrees  a p a r t  

The groups of th ree  s lots  1 
l each a r e  l inear ly  spaced one-half wavelength a p a r t  along the a r r a y  axis. , I 

The empirically determined cha rac t e r i s t i c  

Since the charac te r i s t ic  impedance of the element  sect ion i s  13 ohms 
l 

I and this i s  fed f rom a 50-ohm line,  it was necessa ry  to develop a n  impedance 
t r ans fo rmer .  
niques.  

Considerable effort  was devoted to t r ans fo rmer  design tech- 
A Tchebyscheff-type t ransformer  with four s teps  was developed f o r  

I the a r r a y  under investigation. 

I A pre l iminary  pa t te rn  was  taken by using a t r ip le  s tub tuner to ma tch  
the e lement  load. 
pa t te rns .  At p re sen t  a broadband impedance matching device for  the element  
i s  being developed. 
sho r t  s leeves  on the center  conductor near  the impedance t r ans fo rmer  on the 
input s ide.  

The pat terns  result ing were  quite close to the des i r ed  

This impedance matching device wil l  m o s t  likely be two 

STRUC TURE 
, 
I 

During this r epor t  per iod the fabrication of the spacecraf t  s t ruc tu re  
a s sembly  was completed (Figure 3-23). 
p repara t ion  fo r  the e lec t ronics  performance demonstration. 

Electronic  units were  instal led in  1 

Design work during the month included brackets  fo r  s torage  ba t te ry  
instal la t ion (which pe rmi t s  flexibility of location, fo r  center  of gravi ty  and 
dyricLmic baiance controi  j. 
package and the apogee motor  were  completed. 
requi rements  were  established, consistent with the spacecraf t  flight p a r a m -  
e t e r s  (see Section 6). 
completion. The motor  case will  be shipped to JPL for  loading with ine r t  
propel lant .  Effor t  was init iated on the integration of the Marquardt ve rn ie r  
control s y s t e m  design into the spacecraf t .  
a r e a s  ex i s t ,  regarding space ,  load paths, and tempera tures .  

Space enveiopes for  the antenna e iec t ronics  
Motor to le rances  and balance 

The dummy apogee motor  fabr icat ion is nearing 

Severa l  unresolved problem 
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Figure  4-23a. Spacecraft  Structure  F igu re  4-23b. Spacecraf t  S t ruc ture  
Rear  Quar te r  View F o r w a r d  Q u a r t e r  View 
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TABLE 3-2. SYNCOM I1 ESTIMATED WEIGHT STATUS 
Solid-Propellant Configuration - Spacecraft  

Subsystem 

Electronics  

W i r e  ha r  ne s s 

Power  supply 

Contr 01s 

Propuls ion 

S t ruc ture  

Miscellaneous 

~~ 

Item 

A 
W eight :: 

-13.1 

t 6.0 

+ 6.6 

F ina l  orb i t  condition 

N2 Pressur iza t ion  

N2H3 - CH3 fuel  

N2O4 oxidizer 

Total  at apogee burnout 

Apogee motor  propellant 

Tota l  payload at separa t ion  

Weight, 
pounds 

130.0 

19.9 

105.5 

48.2 

122.2 

138.3 

60.1 

Weight, 
pounds 

(624.2)  

3.0 

53.5 

85.0 

(765. 7) 

752.3 

(1518.0) 

z -  z 

23.5 

23. 5 

0.208 

0.032 

0.169 

0.077 

0.196 

0.222 

0.096 

z - z  
I 

57.2 

71.0 

85.7 

- 
T 
1 x - x  

45.4 

52. 3 

67.2 24.7 
1 

0.086 

0.013 

0.069 

0.032 

0.081 

0.091 

0.040 

R I P  

1. 26 

1. 36 

1. 28 

I 

:k Change in subsys tem weight s ince iast r e p o r t  
.L 4. 
-e - -&*  Ratio 01 subsysterxi weight io fiiial orbi t  coildiiioii weight. 

Ratio of subsys tem weight to total  payload at separation. .e* 4. .b -,. .,. .&. 
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A center  s t ruc tu re  subassembly, with a 3/8-inch-thick af t  bulkhead 
added f o r  support ,  is being fabricated for  use by Marquardt  i n  testing their  
engineering model  of the control system. 

, 

S t r  uc tur a1 Analy s e s 

The T-1 vibration t e s t  plan has  been completed ( see  Section 6). 
Development vibration tes t s  have been completed on three additional so la r  
panels a s  a continuation of the program delineated i n  the Advanced Syncom 
January monthly repor t .  
i t s  response a t  the qualification levels ,  and i t  i s  current ly  being tes ted with 
so la r  cell covers ,  wiring, and electronics  installed.  The weight of the so l a r  
cel ls  and cover  g l a s ses  i s  simulated by using overweight cel l  covers .  The 
panel selected f o r  fu r the r  testing i s  a modification of configuration "B", 0. 25 
inch thick without a n  in te rna l  st iffener.  
s e r i e s  w i l l  be published subsequently. 

The tes t  panel has  been fu r the r  modified to improve 

The r e su l t s  of the complete t e s t  

Use of the GPS analog computer to  study the 10 m a s s  dynamic model  
has  been precluded i n  favor of a digital computer solution for  the ax ia l  and 
l a t e ra l  vibration models.  Computer input i s  being prepared ,  and r e su l t s  
will be presented during the next repor t  per iod.  

Weipht Summarv. Flight SDacecraft 

The la tes t  weight data for the flight spacecraf t  configuration i s  shown 
i n  Table 3-2. An e r r o r  i n  the apogee motor  center-of-gravity location occurred  
in  the Monthly P r o g r e s s  Report  for  January  1963 
roll-to-pitch moments  of iner t ia  than should have been shown. 
design concept has  since been a l te red  to re locate  the apogee motor  1 .05  
inches aft. 
cen ters  of gravity and subsequently i n c r e a s e s  the roll-to-pitch moment-of -  
iner t ia  ratios to the levels shown in  the table. 

which resul ted in  higher 
However,  the 

This movement reduces the dis tance between motor  and spacecraf t  

Weight changes since the l a s t  weight s ta tement  a r e  as follows: 

Power Supplv Subsvs t em 

Batteries - Trans fe r  of s t ruc tu ra l  weight 
to s t ruc tu re  subsystem 

-11.3 pounds 

Solar panels - New es t imate  - 1.8 pounds 

Structure  Subsystem 

Motor mount pads - Revised e s t ima te  - 2.6 pounds 

Battery supports - Transfer  weight f r o m  power t10.3 pounds 
supply subsys t em (ne t  reduction 
est imated to be 1 .@ pound) 
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Mi s c ellane ous Subs y s tem 

Bal las t  - Increase  to maintain maximum spacecraf t  + 6.6 pounds 
weight of 1518 pounds 

Apogee motor  propellant - J P L  es t imate  + 0.5 pound 

HANDLING AND WEIGHT AND BALANCE EQUIPMENT 

A special  spin test fixture fo r  the performance of t e s t s  on a spinning 
spacecraf t  was fabricated and is being utilized. 
tion, the hydraulic t ransmiss ion  was replaced by a 'V" belt dr ive a r r a n g e -  
ment.  
the spacecraf t  mounted. 

To obtain a m o r e  quiet opera-  

F igure  3-25a shows Figure 3-24 shows the genera l  view of the fixture.  
Figure 3- 25b shows the spacecraf t  spinning. 

The mobile assembly  for  final assembly  and t e s t  purposes  is being 
fabricated and completion is expected on schedule. 

The hoisting sling has  been constructed and i s  now available for  use.  

Two segment  c lamp as sembl i e s ,  consisting of four  segments  each,  
w e r e  delivered. 

The motor-charging special  mandre l  i s  now undergoing fabrication. 
When completed,  the mandre l  will  be used by JPL in  charging the motor  with 
propellant.  
tion. 

An a c c e s s o r y  motor  stand i s  a l s o  undergoing on-schedule fabr ica-  

The f ix ture  to pe rmi t  machining of apogee motor  mounting pads is  
being fa b r  i ca t  e d . 

The dynamic t e s t  f ixtures  have been designed and fabrication has  been 
init iated.  

HOT GAS REACTION JET CONTROL SUBSYSTEM 

Marquard t  Status 

Authorization to proceed on the Syncom I1 reaction control  sys t em 
cont rac t  was  given to Marquardt  on 6 February  1963. Contractual  i t e m s  
which have beer, recei-;~d f r ~ ~ ? ;  ?vfarqiiai-dt iiiclurie a PERT diagram and a 
development plan for  Phase  I of the program.  
re jec ted  because  of lack of sufficient detail  to control the p rogram.  
mendat ions for  minor  modifications to the t e s t  plan a r e  being made  to 

The P E R T  diagram was  
Recom-  

A" nklrquardt. 

A meet ing with Hughes and Marquardt was conducted to be t te r  define 

An addendum to the 
the swivel  mount requi rements  fo r  the axial  engine. 
designs developed by Hughes were  given to Marquardt.  
Hughes P r o c u r e m e n t  Specification, defining specific swivel requi rements ,  
is being p repa red .  

The ana lyses  and 
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Figure  3-24. Spin T e s t  F ix tu re  

a- 

im s 
a) Stat ionary 

I A- 

b) Spinning 

F i g u r e  3-25. Sync m I1 Spacef rame 
Mounted on the Spin T e s t  F i x t u r e  
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The first development t e s t  of a th rus t  chamber  assembly  is 2 weeks 
The slippage i s  largely due to  manufacturing behind the or iginal  schedule. 

delays.  
schedule. 
the third week of March.  

Multiple-shift  shop operation is expected to rega in  the loss  i n  
The f irst  f i r ing  of the thrust  chamber  is now expected to occur  

Marquard t ' s  instrumentat ion methods and capabili t ies were  reviewed 
by representa t ives  of NASA and Hughes and were  generally acceptable.  

Spin-Speed Control  Mechanism (Figure 3-26) 

During the r epor t  period p r imary  effor t  on the spin-speed control  
Two types mechanism consis ted of viscous-bellow-damper development. 

of t e s t s  were  conducted: 

1)  Measurement  of damping force ve r sus  frequency of input k 1 / 2  
degree amplitude.  ) (cf. Figure 3-37, January  1963 Advanced 
Syncom NASA P r o g r e s s  Report. ) 

2 )  Measurement  of spin-speed mechanism damping cha rac t e r i s t i c s  
both with and without a model damper  instal led,  using a n  ini t ia l  
condition on position as the input. 

Re s ult  s indi ca te d that : 

1) F u r t h e r  analysis  of bellows for the application is required.  
u se  of a welded plate bellows is under investigation'. ) 

(The 

2 )  Detailed attention to the geometry of the damper  application to the 
spin-speed control  is required.  
is  in  p rocess .  ) 

(A layout of a modified damper  

It  is planned to cons t ruc t  and t e s t  the modified damper  i n  g rea t e r  de'tail, i n  
o r d e r  to: 

1) Es t ima te  importance of pa rame te r s  such as amplitude and 
tempera ture  on damper  operation. 

2 )  Vibration t e s t  spin-speed contr ol mechanism.  

3 )  Centrifuge t e s t  spin-speed control  mechanism.  

3 - 2 9  



Figure  3-26. Spin Speed Cont ro l  Mechanism 
with Bellows D a m p e r  
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APOGEE ENGINE LIAISON 

The solid-propellant apogee engine for  Syncom 11 is under development 
by the J e t  Propulsion Laboratory f o r  NASA. 
Syncom I engine, consis ts  of: 
molded nozzle assembly  containing a ZTA graphite throat  i n se r t ;  3) case  
insulation; 4) a case-banded polyurethane-type propellant; and 5) a pyrotechnic- 
type igni ter .  

The engine, a scale-up of the 
1)  a 410 s ta in less  s tee l  ca se ;  2) a composite 

J P L  est imated the following weights for a vehicle boost capability of 
1518 pounds: 

Propel lant  752.3 
Ine r ts  122.2 
Total engine weight 874.5 pounds 

Agreement  has been reached between NASA, Hughes, and J P L  on 
J P L  has init iated final engine performance and alignment requirements .  

design of engine components and tooling and has  submitted a complete pro-  
g r a m  plan to NASA. 

Eight engines of the final configuration will  be subjected to qualifica- 
tion testing. 
minimum of 14 tes t s .  

The eight-engine program i s  l e s s  than the Hughes' recommended 

The dummy engine, to be used in s t ruc tu ra l  testing of the spacecraf t ,  
The Hughes components will be will be available fo r  tes t  on 25 March  1963. 

shipped to J P L  on 8 March  which will  permi t  J P L  to load the engine with 
i n e r t  propel lant  p r i o r  to 18 March, the planned date for  movement of the J P L  
loading facility to the Edwards Air Force  Base site. 
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4. N E W  TECHNOLOGY 

There  were  no i t ems  of new technology reported during the report  
period. 
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6. ATTACHMENTS 

ATTACHMENT 1. SYNCOM XI ENGINEERING 
MODEL VIBRATION TEST PLAN 

Introduction 

The s t ruc tura l  t e s t  p rogram f o r  Syncom 11:: includes a vibration 
t e s t  of the engineering model. The vibration tes t  wi l l  demonstrate  the 
s t ruc tura l  adequacy of the spacecraf t  a t  the qualification leve ls  defined 
by NASA and will es tabl ish tes t  l eve ls  for component qualifications.':::: 

The engineering model represents  the 1518-pound flight vers ion 
of Svncom 11. 
at  launch weight and f rom the apogee motor attachments with the motor  
r e m  ov ed. 

The s t ruc tu re  will be vibrated f rom the Agena interface 

Tes t  P r o n r a m  

The  tes t  is to  consis t  of sinusoidal frequency sweeps a t  two input 
leve ls  fo r  each direction of excitation and shaker  application. 
excitation will not be employed. 
F igu re  6-1  defines the excitation axes.  

Random 
Table 6-1 gives the run sequence. 

The  qualification tes t  inputs r e fe r r ed  to in Table 6-1 a re :  

All  a x e s ,  log sweep at 2 oc taves /min ,  4. 3-minute duration 

5 to  1 5 c p s  
15 to  250 cps  

250 to 400 cps  
400 to 2000 cps  

1 / 4  inch double amplitude 
3.0 g 0 to  peak 
5.0  g 0 to peak 
7.5 g 0 to peak 

::: 
:::: R. J. Oedy, l"ASA-GSFC Engineering Design Tes t s  f o r  Atlas-  

Syncom I1 Initial P ro jec t  Development P lan ,  Volume I, SSD 23802.  

Agena B and Thor-Agena B Payloads,  " 

26 June 1962. 
1DC 2241.3/200, 



TABLE 6-1. RUN SCHEDULE 

Run 

1 

2 

3 

4 

5 

6 

7 

8 

9 ::: 

10 

11 

Input 
L oc a t  i on 

Agena 

Agena 

Age na 

Agena interface 

nte r fac  e 

nterface 

nter  face 

Agena interface 

Apogee motor  mountings 

Apogee motor  mountings 

Apogee motor  mountings 

Apogee motor  mountings 

Apogee motor mountings 

Apogee motor  mountings 

Excitation 
Axis 

3 

3 

1 

1 

2 

1 

1 

2 

2 

3 

,. 
5 

Input Leve 1 

~ 

1 / 4  - 1 / 2  g 

Qualification 

1 / 4  - 1 / 2  g 

Qualification 

Qualification 

1 / 4  - 1 / 2  g 

Qualification 

Qualification 

1 / 4  - 1 / 2  g 

1 / 4  - 1 / 2  g 

Qualification 

::: Slide table investigation. 

A single electromagnetic shaker  will excite the s t ruc tu re  through 
suitable adapters.  
Agena interface geometry,  requi res  that the phased a r r a y  antenna be  
removed. 
Marman clamp and to the shaker  o r  s l ide table with bol ts ,  using the com- 
plete existing Ling 249 hole pattern.  

The thrus t  tube adapter  design,  which duplicates the 

This adapter  i s  to  be attached to the thrus t  tube with a s imulated 

F o r  the second configuration an apogee motor  adapter  is to  be  
located within the thrus t  tube and will duplicate the JPL motor  a t tachments .  
The base  of this adapter  will consis t  of a c i r c u l a r  plate dr i l led to  match  
the complete Ling 249 hole pattern.  
s t ruc ture  a r e  to  be removed when this  adap te r  i s  in use. 

The antenna e lec t ronics  and assoc ia ted  
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ROCKET 
FORWARD + 

Figure 6- 1 .  Syncom I1 General Arrangement  

In s t rum e n t at ion 

The instrumentation will consis t  of 35 c rys t a l  acce le romete r s  and 
Phenolic acce lerometer  mounting blocks will be 

Full bridge s t r a in  gage c i rcu i t s  wi l l  be 
24 s t r a in  gage circui ts .  
instal led a s  shown in Table 6-2. 
located as shown in Table 6 - 3 .  

Data Acquisition 

Acce le romete r  data  will be recorded on two oscil lographs having 
If additional tape r eco rde r s  flat  f requency response  f r o m  5 to 2000 cps. 

o r  multiplexing a r e  available,  they should be used  instead of oscillograph 
recording. 

Magnetic tape recordings a r e  to be made of 13 selected acce lerom-  
eter channels during qualification testing. 
corded  during each t e s t  run  a r e  given i n  Table 6-4.  
be r eco rded  on a sepa ra t e ,  d i rec t  print  r eco rde r  a t  slow speed during r u n s  
2 ,  4, 5 ,  7 ,  8,  and 1 1 .  

The acce le romete r s  to be r e -  
Strain gage data will 
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TABLE 6-2. ACCELEROMETER BLOCK LOCATIONS 

3lock 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 

30 
31 
32 
33 
34 
35 - 

~~~ 

L oc a t  i on 

Truss  over r i b s  3 and 4,  sun  sensor  platform 
Truss  over r i b s  12 and 1, sun sensor  platform 
Truss  over r i b s  3 and 4,  orientation rocket  platform 
Forward bulkhead, flight termination t imer  
Top of apogee motor  case  
Top of bipropellant tank No. 6 
Top of bipropellant tank No. 7 
Top of bipropellant tank No. 8 
Quadrant 4 e lec t ronics ,  center  of panel A 
Quadrant 4 e lec t ronics ,  center  of panel B 
Quadrant 4 e lectronics ,  center  of panel C 
Quadrant 1 e lectronics ,  center  of panel A 
Quadrant 1 e lec t ronics ,  center  of panel B 
Quadrant 1 e lec t ronics ,  center  of panel  C 
Velocity control rocke t  mount 
Apogee motor  mount No. 5 
Apogee motor  mount No. 8 
Rib 5, station 18, radius  27 
Rib 5, station 18, radius  15.5 
Rib 5, station 3, radius  15.5 
Rib 8 ,  station 18, radius  27 
Rib 8 ,  station 18, radius  15. 5 
Rib 8 ,  station 3, radius  15. 5 
Antenna electronics ,  center  of s t ruc tu re  
Upper solar  panel a t tachment  above r i b  8 
Upper solar panel a t tachment  between r i b s  9 and 10 
Lower solar  panel a t tachment  between r i b s  9 and 10 
Upper bat tery pack - above r ad ia l  center l ine - 
tank No. 6 
Lower bat tery pack - below rad ia l  center l ine - 
tank No. 6 
Input - to be located 
Input - to be located 
Input - to be located 
Input - to be located 
Input - to be located 
Input - to be located 

~ ~~~ 

Orientation 

Along axis  2 
Along ax i s  2 
Along ax is  2 
Along ax i s  2 
Along ax is  1 
Along ax is  1 
Along ax i s  1 
Along ax i s  1 
Along ax i s  2 
Along ax is  2 
Along ax is  2 
Along ax is  2 
Along ax i s  2 
Along ax is  2 
Along ax is  1 
Along ax i s  1 
Along ax is  1 
Along ax i s  1 
Along ax i s  1 
Along ax i s  1 
Along ax is  1 
Along ax i s  1 
Along ax is  1 
Along ax i s  2 
Along ax i s  1 
Along ax i s  2 
Along ax i s  2 
Along ax is  1 

Along ax i s  1 
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TABLE 6 - 3 .  STRAIN GAGE BRIDGE LOCATIONS 

Bridge 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23  
2.1 

a 

Location 

Thrust  tube a t  station 3. 5, r i b  2 
Thrust  tube a t  station 3. 5, r i b  5 
Thrust  tube a t  station 3. 5, r ib  8 
Thrust  tube a t  station 3. 5,  r i b  11 
Upper flange of r i b  2 a t  th rus t  tube 
Lower flange of r ib  2 a t  thrust  tube 
Upper flange of r i b  11 a t  thrust  tube 
Lower flange of r i b  11 a t  thrust  tube 
Tank mounting panel  2,  inner  st iffener 
Tank mounting panel  2,  outer  st iffener 
r a n k  mounting panel  11, inner st iffener 
Tank mounting panel  11, outer st iffener 
T r u s s  
T r u s s  
T r u s s  
T r u s s  
Tank mounting panel  
Tank mounting panel 
Tank mounting panel  
Tank mounting panel 
Rib web 
Rib web 
Rib web 
iiib web 

Orientation 

F o r e  and af t  
F o r e  and af t  
F o r e  and af t  
F o r e  and af t  
Radial  
Radial  
Radial  
Radial  
F o r e  and aft  
F o r e  and af t  
F o r e  and af t  
F o r e  and af t  
To be located 
To be located 
To be located 
To be located 
To be located 
To be located 
To be located 
To be located 
To be located 
To be located 
To be located 
Te b e  lscated 
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ATTACHMENT 2. SYNCOM I1 APOGEE MOTOR TOLERANCES 

The l i m i t s  on Syncom I1 apogee motor  balance and nozzle alignment 

An at tempt  has  been 
a r e  defined by the effect on spacecraf t  flight dynamics of the combined 
motor  and s t ruc tu re  to le rances  and balancing l imits .  
made to  apportion the total allowable tolerance spread  in an equitable and 
real is t ic  manner ,  taking account of customary machining prac t ice  and 
feasible l imi t s  on balancing techniques. Some flexibility can be  permi t ted  
in the l i m i t s  ass igned the apogee motor;  that  is, a tradeoff among nozzle 
eccentr ic i ty ,  nozzle alignment,  and dynamic and static balance allowances 
could be made. 

The inc rease  in spin ra te  during apogee motor  burn ,  due to  c o n s e r -  
vation of angular  momentum of the propellant,  has  been ignored in  this  
exe rc i se ,  which makes  the r e su l t s  slightly conservative.  Independant 
var iables  have been combined by root sum s q u a r e s ,  to  define the 30- mdi t ions .  

Calculations reported in the Advanced Syncom January P r o g r e s s  
Report  show that the spacecraf t  can to le ra te  a 3 t ~  pitch torque of approx- 
imately 50 lb-ft average during apogee motor burn. This limit is defined 
by: 

1) 
2) 
3 )  Maximum nutation angle 

Maximum acceptable spacecraf t  att i tude change 
Allowable e r r o r  in incremental  velocity vector 

F u r t h e r ,  the rotation of the principal axis  af ter  burnout is  l imited 
to  0. 2 deg ree  ( 3 .  5 mi l l i rad ians)  3 m  value, due to: 

1) 
2) 

Loss in effect iveness  of the nutation dampers  
E r r o r s  in the sun senso r  readings 

Two other  l imi t s - - the  change in  spin ra te  due to a skewed thrus t  
vector  and the cg offset  a f t e r  burnout--proved to be very l a r g e  compared 
to the preceding f a c t o r s  and thus were  not controlling. 

The calculations were  based on an assumed t ime- thrus t  cu rve  for  
If the actual design curve is substantially the apogee motor (F igu re  6-21. 

different f r o m  that assumed,  these  l imi t s  will no longer  apply. 

The  computations show that the requis i te  conditions will be met  
T r T 7  .";th t h e  fo?lowir,g tolerances:  

1) Motor s e a t  eccentr ic i ty  to  spacecraf t  center l ine = 0. 010 
(includes effect  of c learance  between motor  ring and motor  
seat) .  
Motor s ea t  tilt with r e spec t  to spacecraf t  center l ine = 0. 010 inch 
in 28-inch diameter .  
Spacecraft  is balanced without bipropellants o r  apogee motor  
to 0. 005 inch maximum cg  offset, and 0.  12  degree ( 2  mi l l i -  

2) 

3 )  
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rad ians)  maximum dynamic unbalance. 
Motor nozzle p a s s e s  through the motor  mounting ring within 
0. 030 inch of the ring centerline.  
Motor nozzle center l ine is  perpendicular to  the mounting ring 
within 0. 001 inch p e r  inch. 
The dynamic and s ta t ic  balance of the moto r  c a s e ,  before  
loading, shal l  be as l imi ted  by curve  A,  F igu re  6-3. 
mic and s ta t ic  balance of the loaded moto r  shal l  be as l imi ted  
by curve  C ,  F igu re  6-3. 

The dyna- 

Calculations f o r  two ex t r eme  and two intermediate  conditions of 
apogee moto r  balance ( s e e  F igu re  6 - 3 ) .  are given below. 
fo r  the four c a s e s  (Table  6-5) a r e  shown to be 37. 5 ,  39. 0 ,  44. 8 ,  and 53. 0 
lb-ft. 
2 .4 ,  2.7,  and 3. 3 mil l i radians.  

Average torques  

The final rotation of the pr incipal  axis fo r  the four  c a s e s  is 2. 2 ,  
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C a lculat ions 

Assumptions 

1 ) Addition of bipropel lants  t o  balanced spacecraf t  adds s ta t ic  
unbalance of 9 lb-in maximum and dynamic unbalance of 9 lb-in2 
rnax im um . 
Static and dynamic unbalance of burned out motor  a r e  twice those  
of the unloaded motor  case.  
Static and dynamic un:laZance of the rnotor decay f rom loaded to 
burnout condition in proportion to  propellant burned. 
Motor cg shifts f rom loaded to burnout location in proport ion to  
propellant burned. 

2 )  

3 )  

4) 

Computations 

In searching for  the worst  conditions, four c a s e s  were  a s sumed  
( s e e  Figure 6-3) fo r  motor  tolerances:  

Case  I: maximum permit ted dynamic unbalance (no s ta t ic  unbalance) 
Case IV: 
Cases  I1 and 111: 

maximum permi t ted  s ta t ic  unbalance (no dynamic unbalance) 
equally spaced between these  e x t r e m e s  

Pitching torque is  the  sum of moto r  t h rus t  t i m e s  the  offset between 
the  cg and the thrus t  vector ,  plus the  l a t e ra l  component of the th rus t  t i m e s  
the effective moment a r m  f rom the  component to  the  cg. 

Torque = RSS [ ( thrus t  X offset) t ( thrus t  X length X s in  th rus t  angle)]  

F o r  s m a l l  angles,  where angle  = s in  angle, 

Torque = RSS th rus t  [offset  t length X t h rus t  angle]  

Torque = RSS T [ b  t ai21 (6-1) 

6 = RSS [ A  (mislocat ion of nozzle on moto r )  
tB (eccent r ic i ty  of motor  installation) 
t C  (mislocat ion of spacecraf t  cg before  installing 

t D  (shift  of spacecraf t  cg due t o  moto r  unbalance) ] 
motor )  

6 = R S S [ A  t B t C t D] (6-2) 

A = 0. 030 at s ta t ion 16. 5 (Drawing No. X209749) 

B = 0.010 (Drawing No. X209698) 
C = 0. 015 ( f rom to le rance  (3 )  and  assumpt ion  ( 1 )  ) 

E 0. 022 at s ta t ion 25 ( s e e  F igu re  6-4) 
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F r o m  Equation 6-2, 

b = RSS [O. 022 -+ 0. 010 + 0. 015 -t D ]  

6 = RSS [O. 0 2 9  +- D 1 (6-3) 

P = effective length f rom cg to point of action of l a t e r a l  component of 
th rus t ;  by inspection and estimate,  effective point a s sumed  to  be 
8 inches from nozzle exit plane 

I P = 36 inches (6-4)  

I 

C2 = th rus t  angle 
= RSS [ CY (nozzle angle with respect  to moto r  mounting r ing)  

t 8 (motor  s ea t  angle with respec t  to  spacecraf t  geometr ic )  
t y ( t i l t  of spacecraf t  principal axis before  installing motor )  
+ ($ (tilt of spacecraf t  principal axis due t o  motor  s ta t ic  

+ p (tilt of spacecraf t  principal axis due to  motor  dynamic 
unbalanc e ) 

unbalance) ] 

= RSS [QI t 8 t y + @ t p ]  (6-5) 

CY = 0. 001 inchfinch 
e = 0. 010 inch in 28 inches diameter  

y = 0. 0022 (from to le rance  ( 3 )  and assumption (1) 
e = 0.00036 

) 

I ‘ Z  xx 
@ =  

X 
I - I  

Z 

where 
I,, = stat ic  unbalance of motor  

2 = distance between motor cg and spacecraf t  cg with motor  

I, = ro l l  moment of iner t ia  of spacecraft  
Ix = pitch moment of iner t ia  of spacecraft. 

installed 

I, - I, 

where LZ is dynamic unbalance of the motor. 

F r o m  Equation 6-5, 

S2 = RSS [O. 001 t 0. 0036 t 0. 0022 -t @ + p ]  
R = RSS [O. 0025  t 9 + p ]  
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Then from Equat ion  6-1, 

T [ b  f 36521 
1 2  Torque( lb-ft ) = RSS 

X209698 
STRUCTURE\ 

c g  OF SPACECRAFT 
WITHOUT MOTOR 

LOADED MOTOR STA. 23.5 
c g OF SPACECRAFT WITH 
BURNOUT MOTOR 

F i g u r e  6-4 .  Motor and Spacecraf t  Geometry 

6 -  12 


